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Population health and regional variations of disease burden 
in Japan, 1990–2015: a systematic subnational analysis for 
the Global Burden of Disease Study 2015
Shuhei Nomura, Haruka Sakamoto, Scott Glenn, Yusuke Tsugawa, Sarah K Abe, Md M Rahman, Jonathan C Brown*, Satoshi Ezoe*, 
Christina Fitzmaurice*, Tsuyoshi Inokuchi*, Nicholas J Kassebaum*, Norito Kawakami*, Yosuke Kita, Naoki Kondo*, Stephen S Lim*, 
Satoshi Maruyama*, Hiroaki Miyata*, Meghan D Mooney*, Mohsen Naghavi*, Tomoko Onoda*, Erika Ota*, Yuji Otake*, Gregory A Roth*, 
Eiko Saito*, Takahiro Tabuchi*, Yohsuke Takasaki*, Tadayuki Tanimura*, Manami Uechi*, Theo Vos*, Haidong Wang*, Manami Inoue, 
Christopher J L Murray, Kenji Shibuya†
Summary
Background Japan has entered the era of super-ageing and advanced health transition, which is increasingly putting 
pressure on the sustainability of its health system. The level and pace of this health transition might vary across 
regions within Japan and concern is growing about increasing regional variations in disease burden. The Global 
Burden of Diseases, Injuries, and Risk Factors Study 2015 (GBD 2015) provides a comprehensive, comparable 
framework. We used data from GBD 2015 with the aim to quantify the burden of disease and injuries, and to attribute 
risk factors in Japan at a subnational, prefecture-level.
Methods We used data from GBD 2015 for 315 causes and 79 risk factors of death, disease, and injury incidence and 
prevalence to measure the burden of diseases and injuries in Japan and in the 47 Japanese prefectures from 
1990 to 2015. We extracted data from GBD 2015 to assess mortality, causes of death, years of life lost (YLLs), years lived 
with disability (YLDs), disability-adjusted life-years (DALYs), life expectancy, and healthy life expectancy (HALE) in 
Japan and its 47 prefectures. We split extracted data by prefecture and applied GBD methods to generate estimates of 
burden, and attributable burden due to known risk factors. We examined the prefecture-level relationships of common 
health system inputs (eg, health expenditure and workforces) to the GBD outputs in 2015 to address underlying 
determinants of regional health variations.
Findings Life expectancy at birth in Japan increased by 4·2 years from 79·0 years (95% uncertainty interval [UI] 
79·0 to 79·0) to 83·2 years (83·1 to 83·2) between 1990 and 2015. However, the gaps between prefectures with the 
lowest and highest life expectancies and HALE have widened, from 2·5 to 3·1 years and from 2·3 to 2·7 years, 
respectively, from 1990 to 2015. Although overall age-standardised death rates decreased by 29·0% (28·7 to 29·3) 
from 1990 to 2015, the rates of mortality decline in this period substantially varied across the prefectures, ranging 
from –32·4% (–34·8 to –30·0) to –22·0% (–20·4 to –20·1). During the same time period, the rate of age-standardised 
DALYs was reduced overall by 19·8% (17·9 to 22·0). The reduction in rates of age-standardised YLDs was very small 
by 3·5% (2·6 to 4·3). The pace of reduction in mortality and DALYs in many leading causes has largely levelled off 
since 2005. Known risk factors accounted for 34·5% (32·4 to 36·9) of DALYs; the two leading behavioural risk factors 
were unhealthy diets and tobacco smoking in 2015. The common health system inputs were not associated with age-
standardised death and DALY rates in 2015.
Interpretation Japan has been successful overall in reducing mortality and disability from most major diseases. 
However, progress has slowed down and health variations between prefectures is growing. In view of the limited 
association between the prefecture-level health system inputs and health outcomes, the potential sources of regional 
variations, including subnational health system performance, urgently need assessment.
Funding Bill & Melinda Gates Foundation, Japan Ministry of Education, Science, Sports and Culture, Japan Ministry 
of Health, Labour and Welfare, AXA CR Fixed Income Fund and AXA Research Fund.
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0 license.
Introduction
Japan is one of the fastest ageing countries in the world 
with a population that has started to shrink since 2008 
mainly due to a low fertility rate.1 The number of Japanese 
people aged 65 years or older has nearly quadrupled in the 
past 40 years to 27% of the total population in 2016,2 
making Japan the country with the highest proportion of 
elderly people in the world.3 This figure is expected to 
increase to 35% of the population by 2040, and to 40% by 
2060.4 The ageing population has a substantial effect on 
disease structure, turning Japan into the advanced stage of 
epidemiological transitions—ie, elderly Japanese people 
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experience more chronic and multimorbidity, which 
require long-term care and put pressures on health-care 
expenditure and use of resources.5 However, the pace of 
epidemiological transitions as well as population decline 
varies substantially by region,6,7 and such regional vari-
ations could have great influence on the performance of 
regional health systems and population health outcomes.8 
In Japan, regional variations in health outcomes, its 
causes, per formance of regional health systems, and the 
effects of social determinants of health are becoming 
increasingly complex with the country’s transition to a 
super-ageing society.5,9,10
Although regional health variations associated with 
communicable diseases have been narrowing over time 
globally, disease burden due to non-communicable 
diseases (NCDs) and injury varies markedly across 
regions.11–13 Previous subnational studies in the UK,11 
Mexico,12 and China13 shed light on the importance of the 
subnational estimates of disease burden. These enabled 
policy makers to improve understanding of the health 
needs of each region and to inform domestic health 
policy making.11–13 The issue of regional variations in 
health is especially relevant in Japan, as the country is 
confronted by a super-ageing population and increasing 
health expenditure.8 In this context, what is happening in 
Japan—the country at the forefront of the world’s hyper-
ageing societies—has many implications for other 
countries. However, to our knowledge, no systematic 
subnational comparative assessment of disease burden 
and risk factors have been done in the context of Japan.14 
Empirical evidence in Japan would be immensely helpful 
to reveal the features of an ageing society in the advanced 
stage of epidemiological transition, and understanding 
how to respond to regional health variations.
Using the latest data from the Global Burden of 
Diseases, Injuries, and Risk Factors Study 2015 (GBD 
2015), we compared mortality, causes of death, years of 
life lost (YLLs), years lived with disability (YLDs), 
disability-adjusted life-years (DALYs), life expectancy at 
birth, and healthy life expectancy at birth (HALE, the 
average number of years that a newborn can expect to live 
in full health), as well as attributable risk factors in Japan’s 
47 prefectures—the country’s first-order administrative 
division. This study comes at a time when both national 
and local health policy makers are reviewing and assess-
ing priorities for action in light of the rapidly ageing 
population and growing regional health variation.6,7 This 
subnational analysis we report here supports mapping of 
the disease burden in Japan; and contributes to national 
and region-specific health policies.
Methods
Overview
GBD 2015 provides updated and improved data and 
methods from previous GBD versions (2010 and 2013).15–18 
We used data from GBD 2015 for 315 causes and 
79 risk factors of death, disease, and injury incidence 
and prevalence to measure the burden of diseases 
and injuries in Japan and in the 47 Japanese prefectures 
from 1990 to 2015. The population demographic of each 
Research in context
Evidence before this study
Japan is one of the most successful countries in the world for 
many health indicators, but the level and pace of progress in 
health are not unique across the country and concern is 
growing about increasing health variations in Japan and its 
prefectures. These trends suggest Japan is experiencing a more 
complex process of health transition than historically observed; 
however, to our knowledge, no systematic and comprehensive 
study has been implemented to explore the variation within the 
country. Attributable risks have been calculated for some causes 
(eg, tobacco smoking and alcohol consumption) and for some 
disorders (eg, cancer) but are not available in a comprehensive 
framework covering multiple risks and diseases because no 
single accessible data source describing disease burden by cause 
exists in Japan. 
Added value of this study
To our knowledge, this study is the first to assess GBD results at 
the prefecture level in Japan, using a range of routine and 
published data sources. Our comprehensive subnational 
comparisons within Japan’s 47 prefectures provide new insights 
into health trends and determinants, particularly in light of the 
rapid population ageing process and growing regional 
variations in health.
Implications of all available evidence
Despite substantial reductions in the mortality and disability 
from most preventable diseases and improvement in life 
expectancy since 1990, many leading causes of death varied 
markedly at prefecture level in Japan. National and local 
health policies should therefore address region-specific 
health interventions in the most at-risk prefectures, aiming 
at dealing with regional variations in health. Preventive 
public health measures still have a huge capacity to reduce 
the continuing burden of preventable diseases via scaling up 
of investment in research and development of new and 
better prevention, treatment, and care strategies. Increasing 
levels of multimorbidity—because of the growing effect of 
survivorship, together with the super-ageing population—
need to be addressed in Japan’s recent health system 
reforms, in which a range of public services spanning health 
and social care services that respond to the specific needs, 
contexts, and circumstances of individual patients are 
offered. Although health in Japan is improving, substantial 
opportunities exist for a healthier population in Japan via 
modifiable risk factor approaches throughout life, especially 
through tackling of unhealthy diet and tobacco smoking.
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prefecture can be found elsewhere.4 The methods used in 
GBD 2015, including the systematic approach to collating 
cause of death from different countries, the mapping 
across different revisions and national variants of the 
International Classification of Diseases and Injuries and 
Related Health Problems (ICD), redistribution of deaths 
assigned to so-called garbage codes, and the cause of 
death modelling approach used for each cause, have 
been described in detail elsewhere.15–18 Unless indicated 
otherwise, we present results in terms of age-standard-
ised rates, as derived from world population standards 
developed for GBD 2015.15
Our estimates for each measure (eg, deaths, DALYs, 
life expectancy) depend on the Bayesian approach and, 
unless noted otherwise, 95% uncertainty intervals 
(UIs)—also known as credible intervals—are presented 
along with them. These UIs include uncertainty in our 
estimates that depend on the sample size of data, 
adjustments to different sources of all-cause mortality, 
and cause-of-death model specification and estimation. 
Uncertainty from all of these sources is propagated into 
the final quantities of interest by taking 1000 draws 
from the posterior distribution of each component 
quantity of interest.15–18 We were unable to quantify and 
include uncertainty in garbage code redistribution 
algorithms—statistical models adopted in GBD 2015 to 
reassign deaths in garbage codes to more specific causes 
of death.15 In this study, we focus on specific data and 
analyses used to quantify mortality, causes of death, 
YLLs, YLDs, DALYs, life expectancy at birth and HALE 
at birth.
Mortality, cause of death, life expectancy, and YLLs
We used national population censuses and national and 
prefecture-level records on all-cause mortality derived 
from Japan’s national vital registration systems. Vital 
registration data from 1990 to 2013 were included to align 
with GBD 2015, which spans 25 years from 1990 to 2015. 
Additional details on the full range of data sources are in 
the appendix (pp 10–25). Details for GBD 2015 estimation 
methods for all-cause mortality have been reported 
previously.15,19
As described previously,15,20 an expanded cause-of-
death database was constructed for GBD 2015. To 
generate estimates on cause-specific mortality rate, we 
analysed prefecture-level vital registration data from 
1990 to 2013. We sought to account for vital registration 
data quality and completeness, which included 
adjustment of cause-of-death data and standardisation 
of data to align with cause classifications and 
hierarchies in the GBD 2015 study.15 We then 
systematically identified causes of death that could not 
or should not be classified as underlying causes of 
death (so-called garbage codes), and applied standard 
GBD 2015 garbage code redistribution algorithms. To 
examine the changes in life expectancy at birth in 2015 
from 2005, we have applied the life expectancy cause-
specific decomposition method developed by Beltran-
Sanchez, Preston, and Canudas-Romo.21 We computed 
YLLs using the standard GBD methods whereby we 
multiplied each death by the reference life expectancy 
at each age. The reference life expectancy at birth is 
86·59 years, which is based on the lowest observed 
death rates for each 5-year age group in populations 
larger than 5 million.15
Disease and injury incidence, prevalence, and YLDs
Data sources used for quantifying non-fatal outcomes 
in Japan are in the appendix (pp 10–25). We used 
DisMod-MR 21, an updated Bayesian-regression analytic 
tool,16 to synthesise consistent estimates of disease inci-
dence, prevalence, remission, excess mortality, and 
cause-specific mortality rates. Details of the estimation 
method, including the source code are published in the 
methods appendix of GBD 2015 publications.16 Following 
GBD 2015 methods,16 we multiplied prevalence of each 
sequela by the disability weight for the corresponding 
health state to calculate YLDs for the particular sequela. 
The sum of all YLDs for relevant sequelae equated to 
overall YLDs for each disease. GBD 2015 used the same 
disability weights as in GBD 2013, details of which 
including data collection and disability weight 
construction, have been described previously.22
DALYs, HALE, and attributable risks
Following GBD 2015 methods,17 national and prefecture-
level DALYs were computed by summing YLLs and 
YLDs for each cause, age, and sex in 1990, 2005, and 
2015. HALE was calculated for Japan and each prefecture 
using multiple-decrement life tables and estimated 
YLDs per person.17 To calculate risk-attributable fractions 
of disease burden by cause, we modelled the effects of 
risk exposure levels, documented relative risks associated 
with risk exposure and specific health outcomes, and 
computed counterfactual levels of risk exposure on 
estimates of national and prefecture-level deaths, YLLs, 
YLDs, and DALYs. Detailed descriptions of the GBD 
2015 methods for risk factor assessment and attribution 
are found elsewhere.18
Health system inputs and health outcomes in 2015
Health systems are important underlying determinants 
of health and are mainly responsible for health 
variations.23 Correlations of prefecture-level per capita 
health expenditure and number of health workforce per 
population (physicians, registered nurses, and public 
health nurses)—common inputs for health system and 
major control levers for the Japanese health policy—to 
health outcomes in 2015, such as mortality and DALYs 
were calculated using Pearson’s correlation coefficients. 
We also used a univariate linear regression analysis to 
assess the association between them. We extracted data 
for total health expenditure per capita for each prefecture 
in 2015 and the number of physicians, registered nurses, 
See Online for appendix
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and public health nurses for each prefecture in 2014 from 
the database maintained by the Ministry of Health, 
Labour and Welfare of Japan.24–26
Role of the funding source
The funder of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
(Figure 1 continues on next page)
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writing of the paper. All authors had full access to all the 
data in the study and had final responsibility to submit 
for publication.
Results
Between 1990 and 2015, a 4·2-year increase in life 
expectancy at birth was recorded in Japan, rising from 
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79·0 years (95% UI 79·0–79·0) to 83·2 years (83·1–83·2; 
appendix pp 26–31). The life expectancy at birth in 2015 
was 79·9 years (79·9–80·0) for men and 86·3 years 
(86·3–86·4) for women. Okinawa recorded the smallest 
improvement of 3·2 years, whereas Saga had the 
largest gains of 4·8 years in the same period. The gap 
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between prefectures with the lowest and highest life 
expectancies in 1990 was 2·5 years. By 2015, the longevity 
gap widened to 3·1 years.
Healthy life expectancy (HALE) at birth rose from 
70·4 years (95% UI 67·8–72·6) in 1990 to 73·9 years 
(71·3–76·3) in 2015 (appendix pp 26–31). In 2015, HALE 
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was 71·5 years (69·1–73·7) for men and 76·3 years 
(73·3–78·9) for women. The approximate 9-year gap 
between life expectancy at birth and HALE at birth 
observed in 1990 has been static until 2015 (appendix 
pp 26–31). The gap between prefectures with the lowest 
and highest HALE in 1990 was 2·3 years. As with life 
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Aichi
Ehime
Kagoshima
Kochi
Wakayama
Ibaraki
Okinawa
Akita
Saitama
Osaka
Aomori
HIV and tuberculosisNeglected tropical diseases and malaria Diarrhoea, lower respiratory infections, and other 
Maternal disordersNeonatal disordersOther group 1 disorders Nutritional deficiencyChronic respiratory disease Cardiovascular disease Neoplasms
Mental health disorders Neurological disorders Digestive disorders (except cirrhosis) CirrhosisDiabetes, urological disorders, and haematological disorders
Musculoskeletal disordersWar and disaster Intentional injury Unintentional injury Other non-communicable diseasesTransport injury
Life expectancy at birth in 2005 Life expectancy at birth in 2015
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
−0·0
+0·9
+1·0
+0·9
+1·2
+1·3
+1·0
+1·1
+1·0
+1·1
+1·0
+1·1
+0·8
+1·0
+1·1
+1·0
+0·9
+1·2
+1·2
+1·0
+1·0
+1·0
+0·9
+1·0
+0·8
Figure 1: Life expectancy at birth in Japan and the 47 prefectures in 2015 and its change from 2005 to 2015 decomposed into the contribution of GBD level 2 cause group for (A) both sexes 
combined, (B) men, and (C) women
Causes to the left of the 2005 life expectancy values reflect causes that contributed to reduced life expectancy between 2005 and 2015. Causes to the right of the 2005 life expectancy values reflect 
causes that contributed to increased life expectancy between 2005 and 2015. GBD=Global Burden of Diseases, Injuries, and Risk Factors.
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expectancy, this gap in HALE among prefectures 
increased by 2015 to 2·7 years.
All-cause age-standardised death rates decreased by 
29·0% (95% UI 28·7–29·3) between 1990 and 2015, 
falling from 584·1 deaths per 100 000 people (583·2–585·1) 
in 1990 to 414·8 deaths per 100 000 people (413·3–416·4) 
in 2015 (appendix pp 26–31). Prefecture-level reductions 
in all-cause age-standardised death rates largely varied 
from 22·0% (20·1–24·0) in Okinawa to 32·4% (30·0–34·8) 
in Shiga between 1990 and 2015. During the same time 
period, the rate of age-standardised DALYs reduced by 
19·8% overall (17·9–22·0). The reduction in the rate of 
age-standardised YLLs was 33·4% (33·0–33·8; appendix 
pp 32–37), indicating a proportionately larger reduction 
Leading causes 
1990
Change in 
number of deaths
1990–2005 (%)
Change in all-age
mortality rate
1990–2005 (%)
Change in 
age-standardised
mortality rate
1990–2005 (%)
Leading causes 
2005
Change in
number of deaths
2005–15 (%)
Change in all-age
mortality rate
2005–15 (%)
Change in age-
standardised
mortality rate
2005–15 (%)
Leading causes 
2015
Non-communicable
Communicable, maternal, neonatal, and nutritional
Injuries
Increase or consistent in ranking order
Decrease in ranking order
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Lower respiratory infection
  4 Stomach cancer
  5 Alzheimer’s disease
  6 Lung cancer
  7 Colorectal cancer
  8 Liver cancer
  9 Self–harm
10 COPD
11 Chronic kidney disease
12 Road injuries
13 Pancreatic cancer
14 Gallbladder cancer
15 Hypertensive heart disease
16 Cirrhosis hepatitis C
17 Diabetes
18 Oesophageal cancer
19 Other neoplasms
20 Leukaemia
21 Breast cancer
23 Aortic aneurysm
25 Other cardiovascular
26 Lymphoma
33 Interstitial lung disease
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Lower respiratory infection
  4 Alzheimer’s disease
  5 Lung cancer
  6 Stomach cancer
  7 Colorectal cancer
  8 Liver cancer
  9 Self–harm
10 Chronic kidney disease
11 COPD
12 Pancreatic cancer
13 Gallbladder cancer
14 Aortic aneurysm
15 Oesophageal cancer
16 Breast cancer
17 Other cardiovascular
18 Cirrhosis hepatitis C
19 Road injuries
20 Interstitial lung disease
21 Other neoplasms
22 Lymphoma
23 Leukaemia
27 Diabetes
28 Hypertensive heart disease
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Lower respiratory infection
  4 Alzheimer’s disease
  5 Lung cancer
  6 Stomach cancer
  7 Colorectal cancer
  8 Chronic kidney disease
  9 Liver cancer
10 COPD
11 Pancreatic cancer
12 Self–harm
13 Gallbladder cancer
14 Aortic aneurysm
15 Other cardiovascular
16 Interstitial lung disease
17 Breast cancer
18 Oesophageal cancer
19 Lymphoma
20 Other neoplasms
22 Cirrhosis hepatitis C
25 Leukaemia
26 Hypertensive heart disease
28 Diabetes
30 Road injuries
 17·3 (14·1 to 21·0) 17·9 (14·6 to 21·4) –19·3 (–21·3 to –16·8)
 26·7 (23·2 to 30·0) 27·1 (23·7 to 30·5) –11·6 (–13·9 to –9·4)
 40·2 (34·3 to 46·0) 40·6 (34·8 to 46·6) –6·5 (–10·5 to –2·5)
 59·1 (56·4 to 61·2) 59·6 (57·0 to 61·8) 3·7 (2·3 to 5·0)
 22·1 (17·8 to 26·4) 22·6 (18·3 to 26·8) –8·7 (–11·7 to –5·5)
 25·5 (21·8 to 29·5) 26·0 (22·3 to 30·0) –5·9 (–8·6 to –3·0)
 36·3 (29·8 to 42·8) 36·7 (30·4 to 43·3) –6·4 (–10·6 to –2·2)
 31·2 (26·0 to 36·2) 31·7 (26·5 to 36·7) –11·2 (–14·7 to –7·6)
 37·4 (32·9 to 42·2) 37·9 (33·4 to 42·7) 4·1 (0·8 to 7·8)
 16·6 (10·2 to 23·9) 17·3 (10·6 to 24·4) –16·0 (–20·2 to –11·0)
 50·6 (45·2 to 56·8) 51·3 (45·7 to 57·4) 6·5 (2·8 to 10·7)
 43·4 (36·8 to 50·4) 44·0 (37·4 to 51·0) –2·3 (–6·7 to 2·0)
 46·5 (36·4 to 54·0) 46·9 (37·0 to 54·6) 5·1 (–0·9 to 11·3)
 22·3 (15·0 to 27·4) 22·4 (15·4 to 27·8) 2·1 (–2·8 to 6·3)
 15·8 (10·0 to 22·6) 16·3 (10·5 to 23·0) –8·7 (–13·1 to –3·2)
 34·8 (22·1 to 42·2) 34·9 (22·6 to 42·7) 0·7 (–5·8 to 4·6)
 30·8 (26·0 to 35·3) 31·2 (26·4 to 35·8) 0·0 (–3·0 to 2·8)
 12·8 (7·9 to 17·8) 13·3 (8·3 to 18·3) –14·4 (–18·2 to –10·8)
 –1·9 (–5·8 to 2·1) –1·5 (–5·5 to 2·4) –6·6 (–9·8 to –3·3)
 8·6 (5·3 to 11·8) 9·0 (5·8 to 12·2) –18·8 (–21·3 to –16·5)
 9·8 (8·1 to 11·7) 6·7 (5·0 to 8·6) –39·6 (–40·5 to –38·7)
 10·4 (8·3 to 12·4) 7·2 (5·2 to 9·3) –38·4 (–39·5 to –37·3)
 59·6 (54·7 to 64·5) 55·1 (50·4 to 59·8) –17·5 (–19·9 to –15·1)
 111·4 (108·6 to 114·2) 105·4 (102·7 to 108·1) 3·7 (2·6 to 4·8)
 70·2 (66·6 to 73·9) 65·3 (61·9 to 69·0) 2·8 (0·7 to 5·0)
 7·6 (6·0 to 9·3) 4·6 (3·0 to 6·2) –33·9 (–34·8 to –32·9)
 67·7 (63·9 to 71·4) 63·0 (59·2 to 66·5) 3·0 (0·8 to 5·2)
 42·9 (39·8 to 46·6) 39·0 (35·9 to 42·5) –9·5 (–11·4 to –7·2)
 39·4 (35·0 to 43·6) 35·4 (31·2 to 39·5) 21·7 (17·9 to 24·9)
 40·5 (35·2 to 45·6) 36·4 (31·3 to 41·5) –23·3 (–26·1 to –20·5)
 20·6 (17·0 to 35·2) 19·6 (13·7 to 31·3) –36·0 (–37·9 to –28·3)
 73·4 (68·5 to 78·8) 68·5 (63·7 to 73·7) 6·8 (3·8 to 10·0)
 39·7 (36·3 to 42·8) 35·7 (32·5 to 38·8) –19·1 (–21·0 to –17·3)
 110·3 (102·0 to 117·2) 104·1 (96·3 to 111·0) 18·5 (14·1 to 22·3)
 53·4 (48·3 to 58·6) 49·0 (44·1 to 54·1) –1·2 (–4·4 to 2·1)
 68·1 (32·1 to 73·6) 61·3 (28·4 to 68·7) 25·9 (0·1 to 29·8)
 89·3 (83·3 to 96·0) 84·0 (78·1 to 90·4) 5·2 (2·0 to 8·6)
 0·4 (–2·2 to 15·4) –1·6 (–4·9 to 12·1) –31·8 (–33·6 to –21·6)
 –32·1 (–33·5 to –30·7) –34·0 (–35·4 to –32·7) –45·0 (–46·3 to –43·8)
 173·5 (72·4 to 186·5) 142·7 (67·6 to 178·3) 55·5 (–0·7 to 62·8)
A
Leading causes 
1990
Change in 
number of deaths
1990–2005 (%)
Change in all-age
mortality rate
1990–2005 (%)
Change in 
age-standardised
mortality rate
1990–2005 (%)
Leading causes 
2005
Change in
number of deaths
2005–15 (%)
Change in all-age
mortality rate
2005–15 (%)
Change in age-
standardised
mortality rate
2005–15 (%)
Leading causes 
2015
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Lower respiratory infection
  4 Stomach cancer
  5 Lung cancer
  6 Liver cancer
  7 Alzheimer’s disease
  8 Self–harm
  9 COPD
10 Colorectal cancer
11 Road injuries
12 Chronic kidney disease
13 Pancreatic cancer
14 Cirrhosis hepatitis C
15 Oesophageal cancer
16 Gallbladder cancer
17 Diabetes
18 Prostate cancer
19 Hypertensive heart disease
20 Tuberculosis
23 Falls
24 Aortic aneurysm
26 Lymphoma
32 Interstitial lung disease
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Lower respiratory infection
  4 Lung cancer
  5 Stomach cancer
  6 Alzheimer’s disease
  7 Colorectal cancer
  8 Self–harm
  9 Liver cancer
10 COPD
11 Chronic kidney disease
12 Pancreatic cancer
13 Oesophageal cancer
14 Prostate cancer
15 Gallbladder cancer
16 Cirrhosis hepatitis C
17 Road injuries
18 Aortic aneurysm
19 Interstitial lung disease
20 Falls
21 Lymphoma
27 Diabetes
32 Tuberculosis
36 Hypertensive heart disease
  1 Lower respiratory infection
  2 Cerebrovascular disease
  3 Ischaemic heart disease
  4 Lung cancer
  5 Alzheimer’s disease
  6 Stomach cancer
  7 Colorectal cancer
  8 Liver cancer
  9 COPD
10 Self–harm
11 Chronic kidney disease
12 Pancreatic cancer
13 Prostate cancer
14 Oesophageal cancer
15 Gallbladder cancer
16 Interstitial lung disease
17 Aortic aneurysm
18 Cirrhosis hepatitis C
19 Lymphoma
20 Falls
26 Road injuries
28 Diabetes
34 Hypertensive heart disease
41 Tuberculosis
 40·1 (31·5 to 49·5) 41·0 (32·4 to 50·4) –10·1 (–15·6 to –4·0)
 13·4 (9·6 to 18·5) 14·5 (10·3 to 19·3) –22·2 (–24·8 to –18·8)
 18·7 (15·1 to 22·9) 19·7 (15·9 to 23·7) –16·0 (–18·5 to –13·2)
 17·5 (11·9 to 22·8) 18·3 (12·6 to 23·6) –13·8 (–17·8 to –10·0)
 65·1 (61·5 to 68·5) 66·1 (62·6 to 69·6) 1·6 (–0·1 to 3·5)
 8·0 (3·9 to 12·2) 8·8 (4·6 to 13·0) –20·1 (–23·2 to –17·0)
 23·1 (18·1 to 28·1) 23·9 (18·9 to 28·9) –7·7 (–11·5 to –4·0)
 9·9 (4·0 to 16·6) 10·8 (4·7 to 17·4) –15·2 (–19·8 to –10·2)
 31·2 (25·6 to 37·5) 32·1 (26·5 to 38·4) –15·1 (–18·8 to –10·8)
 –4·8 (–9·2 to 0·0) –4·2 (–8·6 to 0·6) –8·8 (–12·6 to –4·8)
 33·4 (26·3 to 41·2) 34·3 (27·2 to 42·1) –9·0 (–13·9 to –3·7)
 28·4 (22·2 to 36·3) 29·6 (23·1 to 37·2) –1·8 (–6·5 to 4·1)
 39·2 (32·8 to 47·9) 40·4 (33·7 to 48·8) –6·4 (–11·4 to 0·8)
 14·3 (8·0 to 21·0) 15·0 (8·8 to 21·8) –10·8 (–15·7 to –5·5)
 20·5 (12·4 to 26·7) 21·0 (13·1 to 27·5) –13·7 (–19·6 to –9·4)
 45·4 (29·6 to 54·9) 45·8 (30·5 to 56·0) 2·1 (–7·5 to 9·5)
 35·5 (27·7 to 44·5) 36·5 (28·6 to 45·4) –3·9 (–9·1 to 2·4)
 11·4 (5·0 to 20·6) 12·6 (5·7 to 21·3) –8·8 (–14·1 to –1·3)
 31·0 (19·1 to 40·2) 31·9 (20·0 to 41·1) –1·9 (–8·7 to 3·0)
 23·9 (18·2 to 30·9) 24·8 (19·0 to 31·6) –11·6 (–15·8 to –6·7)
 11·9 (9·4 to 13·8) 9·4 (7·0 to 11·3) –34·8 (–36·3 to –33·7)
 9·2 (6·9 to 11·2) 6·8 (4·6 to 8·7) –35·6 (–37·0 to –34·4)
 53·1 (45·9 to 60·0) 49·6 (42·7 to 56·4) –15·8 (–19·9 to –11·9)
 70·4 (66·2 to 75·0) 66·7 (62·5 to 71·1) 2·6 (–0·1 to 5·4)
 11·2 (9·2 to 13·3) 8·7 (6·8 to 10·8) –31·3 (–32·6 to –29·9)
 98·0 (95·3 to 100·6) 93·6 (91·0 to 96·2) 4·4 (3·0 to 5·7)
 71·3 (66·1 to 77·1) 67·6 (62·5 to 73·1) 6·8 (3·5 to 10·5)
 56·7 (49·6 to 63·8) 53·1 (46·3 to 60·1) 34·3 (28·5 to 39·9)
 32·4 (29·0 to 36·3) 29·7 (26·2 to 33·2) –13·2 (–15·3 to –10·5)
 22·1 (17·5 to 37·6) 21·6 (14·9 to 34·5) –32·1 (–34·8 to –23·7)
 45·5 (39·0 to 52·2) 42·2 (35·9 to 48·8) –16·1 (–20·2 to –11·9)
 70·0 (63·6 to 77·3) 66·3 (60·0 to 73·3) 6·0 (1·9 to 10·5)
 57·8 (52·0 to 63·9) 54·3 (48·6 to 60·2) –0·3 (–4·0 to 3·6)
 107·1 (65·9 to 117·9) 92·7 (62·3 to 113·0) 15·9 (–9·0 to 22·2)
 51·7 (46·9 to 56·7) 48·3 (43·7 to 53·2) –9·3 (–12·3 to –6·1)
 –2·1 (–5·8 to 20·2) –3·1 (–7·9 to 17·5) –31·5 (–34·0 to –15·3)
 –36·1 (–37·8 to –34·3) –37·5 (–39·1 to –35·8) –46·2 (–47·6 to –44·7)
 102·5 (93·0 to 111·7) 97·7 (88·7 to 107·0) 19·8 (14·1 to 25·2)
 182·6 (58·3 to 201·2) 150·3 (55·0 to 194·5) 64·0 (–9·5 to 75·2)
 61·4 (55·7 to 66·6) 57·7 (52·3 to 62·8) 7·0 (3·2 to 10·5)
B
Non-communicable
Communicable, maternal, neonatal, and nutritional
Injuries
Increase or consistent in ranking order
Decrease in ranking order
(Figure 2 continues on next page)
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in premature mortality when compared with overall 
mortality. By contrast, reduction in rates of age-
standardised YLDs was very small between 1990 and 2015 
(3·5% [2·6–4·3]).
In the 10 years between 2005 and 2015, all 47 prefectures 
had more than 1 year of life expectancy gains (figure 1), 
but the gap in the gains between prefectures was 
distinctive. Across the prefectures, decreased mortality 
because of cardiovascular diseases (mostly cerebrovascular 
diseases and ischaemic heart diseases) and neoplasms or 
cancers was the leading driver of increased life expectancy.
The leading causes of death using broad disease 
categories (level 3 in the GBD cause hierarchy) are in 
figure 2. The top three causes of death in 1990 
(cerebrovascular diseases, ischaemic heart diseases, and 
lower respiratory infection) remained at the top in 2015, 
despite substantial declines in their age-standardised 
rates (–19·3% [95% UI –21·3 to –16·8], –11·6% 
[–13·9 to –9·4], and –6·5% [–10·5 to –2·5]; figure 2). In 
addition, the speed of mortality decline in these 
three leading causes and many other causes has levelled 
off since 2005 for both men and women (average annual 
percentage change in age-standardised death rates 
between 1990 and 2005 was –2·6% for cerebrovascular 
diseases, –2·6% ischaemic heart diseases, and –1·2% for 
lower respiratory infection; after 2005, –1·9%, –1·2%, 
and –0·7%). Alzheimer’s disease and other dementias 
were the only causes out of the ten leading causes that 
showed a significant increase in age-standardised death 
rates since 2005 (3·7% [95% UI 2·3–5·0]). The leading 
causes of YLLs are shown in the appendix (p 1).
Age-standardised death rates for GBD’s most detailed 
causes between Japan and the 47 prefectures in 2015 are 
shown in figure 3. A subnational comparison of age-
standardised rates for YLLs are shown in figure appendix 2 
(p 2). Many of the leading causes of mortality and YLLs 
showed striking variation by prefecture (figure 3). For 
example, due to cerebrovascular disease (combined 
mortality of ischaemic stroke, haemorrhagic stroke, and 
other types of stroke), Shiga’s age-standardised death 
rates (37·9 per 100 000 people)—the lowest in Japan in 
2015—was 1·6 times lower than Iwate’s, which was the 
highest (62·0 per 100 000 people). For ischaemic heart 
disease, the age-standardised death rate was 1·5 times 
lower in Kumamoto (lowest; 35·9 per 100 000 people) and 
Saitama (highest; 55·0 per 100 000 people). Some causes 
had distinct patterns largely determined by geography 
(higher rates in the north, and lower in the central 
and south), and others did not. 
Cerebrovascular disease and ischaemic heart diseases 
are now at similar levels nationally in Japan (figure 4). As 
with mortality, the pace of reduction in DALYs in these 
causes largely levelled off since 2005. The average yearly 
percentage change in age-standardised DALY rates was 
–2·6% for both ischaemic heart diseases and cerebro-
vascular disease from 1990 to 2005, which reduced to 
Figure 2: GBD level 3 causes of death in Japan in 1990, 2005, and 2015 for (A) both sexes combined, (B) men, and (C) women, with all-age and age-standardised death rate change
Ranking is based on the number of deaths from each cause. Percentage change in number of deaths and in all-age and age-standardised death rates are shown with 95% UI in parentheses. Alzheimer’s 
disease=Alzheimer’s disease and other dementias. Cirrhosis hepatitis C=cirrhosis of the liver due to hepatitis C. COPD=chronic obstructive pulmonary disease. GBD=Global Burden of Diseases, Injuries, 
and Risk Factors. 
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mortality rate
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mortality rate
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Non-communicable
Communicable, maternal, neonatal, and nutritional
Injuries
Increase or consistent in ranking order
Decrease in ranking order
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Lower respiratory infection
  4 Alzheimer’s disease
  5 Stomach cancer
  6 Colorectal cancer
  7 Chronic kidney disease
  8 Lung cancer
  9 Self–harm
10 Hypertensive heart disease
11 COPD
12 Gallbladder cancer
13 Breast cancer
14 Liver cancer
15 Pancreatic cancer
16 Diabetes
17 Road injuries
18 Cardiomyopathy
19 Ovarian cancer
20 Cervical cancer
22 Other neoplasms
24 Other cardiovascular
26 Aortic aneurysm
29 Lymphoma
37 Urinary diseases
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Alzheimer’s disease
  4 Lower respiratory infection
  5 Colorectal cancer
  6 Stomach cancer
  7 Lung cancer
  8 Chronic kidney disease
  9 Liver cancer
10 Breast cancer
11 Pancreatic cancer
12 Self–harm
13 Gallbladder cancer
14 COPD
15 Other cardiovascular
16 Aortic aneurysm
17 Hypertensive heart disease
18 Other neoplasms
19 Ovarian cancer
20 Lymphoma
23 Diabetes
25 Cardiomyopathy
26 Cervical cancer
29 Urinary diseases
30 Road injuries
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Alzheimer’s disease
  4 Lower respiratory infection
  5 Colorectal cancer
  6 Lung cancer
  7 Chronic kidney disease
  8 Stomach cancer
  9 Pancreatic cancer
10 Breast cancer
11 Liver cancer
12 COPD
13 Gallbladder cancer
14 Other cardiovascular
15 Self–harm
16 Aortic aneurysm
17 Hypertensive heart disease
18 Other neoplasms
19 Urinary diseases
20 Lymphoma
22 Ovarian cancer
25 Cardiomyopathy
28 Diabetes
30 Cervical cancer
38 Road injuries
 20·8 (17·0 to 25·4)  21·0 (17·1 to 25·5)  –17·5 (–20·0 to –14·4)
 34·8 (28·6 to 39·9) 34·9 (28·7 to 40·0) –8·0 (–12·0 to –4·8)
 55·8 (52·8 to 57·9) 55·9 (53·0 to 58·0) 5·0 (3·2 to 6·4)
 40·1 (33·6 to 47·2) 40·3 (33·7 to 47·3) –6·0 (–10·4 to –1·3)
 28·4 (23·0 to 34·9) 28·6 (23·2 to 35·0) –5·5 (–9·2 to –1·2)
 34·4 (27·7 to 41·7) 34·7 (27·9 to 41·8) –0·5 (–5·1 to 4·5)
 38·8 (28·6 to 49·0) 38·8 (28·8 to 49·1) –5·4 (–11·7 to 0·8)
 9·3 (4·4 to 15·3) 9·6 (4·5 to 15·4) –19·9 (–23·4 to –15·6)
 47·3 (39·8 to 54·8) 47·4 (40·0 to 54·9) 10·0 (4·7 to 15·3)
 22·3 (14·9 to 27·5) 22·1 (15·0 to 27·6) 2·8 (–2·0 to 7·0)
 18·3 (11·0 to 27·0) 18·6 (11·1 to 27·1) –14·4 (–19·6 to –8·3)
 30·5 (22·5 to 41·6) 31·1 (22·7 to 41·6) –11·0 (–16·1 to –3·5)
 13·5 (1·0 to 26·9) 13·9 (1·2 to 27·0) –19·1 (–27·9 to –9·6)
 50·6 (41·7 to 60·8) 51·0 (41·9 to 60·9) 2·5 (–3·2 to 8·8)
 5·5 (–0·3 to 12·0) 5·6 (–0·2 to 12·2) –2·0 (–6·5 to 2·8)
 68·7 (59·8 to 78·0) 68·8 (60·1 to 78·1) 17·5 (11·7 to 23·6)
 41·2 (27·8 to 56·1) 41·6 (27·9 to 56·2) –5·5 (–13·7 to 3·7)
 34·7 (26·8 to 41·7) 34·7 (27·0 to 41·9) 1·9 (–3·7 to 6·4)
 84·6 (69·6 to 99·3) 84·9 (69·8 to 99·5) 24·7 (15·3 to 34·4)
 39·2 (25·6 to 48·5) 39·1 (25·7 to 48·7) 2·1 (–4·1 to 6·9)
 8·1 (5·4 to 11·0) 4·4 (1·8 to 7·2)  –44·6 (–45·8 to –43·2)
 11·6 (7·8 to 15·0) 7·7 (4·2 to 11·0) –43·1 (–44·9 to –41·5)
 119·8 (116·4 to 123·2) 112·3 (109·0 to 115·6) 2·8 (1·4 to 4·2)
 67·6 (61·7 to 74·1) 61·9 (56·2 to 68·1) –18·7 (–21·4 to –15·9)
 63·5 (57·6 to 68·9) 57·9 (52·2 to 63·1) –2·9 (–6·0 to 0·0)
 1·4 (–1·0 to 3·9) –2·1 (–4·4 to 0·3) –39·6 (–40·9 to –38·2)
 69·4 (62·9 to 76·8) 63·6 (57·4 to 70·7) 0·8 (–2·9 to 4·8)
 36·1 (28·9 to 44·0) 31·4 (24·5 to 39·0) –30·4 (–33·9 to –26·8)
 70·7 (64·0 to 77·3) 64·9 (58·4 to 71·2) 0·0 (–3·5 to 3·6)
 68·0 (31·9 to 73·5) 60·1 (27·5 to 67·5) 28·0 (2·5 to 31·9)
 77·3 (69·5 to 86·1) 71·4 (63·7 to 79·7) 5·9 (1·5 to 10·8)
 9·2 (6·2 to 12·6) 5·5 (2·5 to 8·7) –3·9 (–6·6 to –1·1)
 30·1 (26·3 to 34·1) 25·6 (21·9 to 29·5) –27·5 (–29·4 to –25·6)
 18·0 (12·5 to 36·8) 16·1 (8·8 to 31·9) –40·1 (–42·7 to –30·8)
 113·2 (103·3 to 124·2) 106·0 (96·4 to 116·3) 10·6 (6·0 to 15·5)
 120·3 (107·2 to 133·4) 112·7 (100·1 to 125·4) 15·6 (9·1 to 22·0)
 –35·8 (–41·3 to –29·8) –38·0 (–43·3 to –32·2) –68·6 (–71·1 to –65·8)
 47·4 (39·1 to 53·3) 42·2 (34·3 to 48·0) –5·5 (–8·2 to –2·4)
 36·8 (32·1 to 41·3) 32·1 (27·6 to 36·5) –1·2 (–4·1 to 2·0)
 95·8 (36·6 to 105·7) 77·3 (32·0 to 98·6) 15·8 (–13·0 to 21·0)
C
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–1·5% for ischaemic heart diseases and –2·1% for 
cerebrovascular disease after 2005. With no significant 
change in age-standardised DALY rates since 2005, low 
back and neck pain, sense organ diseases (consisting of 
hearing loss and vision loss), and depressive disorders 
were leading causes of DALYs in 2015, although they did 
not cause substantial death and YLLs but major disabilities. 
Alzheimer’s disease and other dementias are distinctive 
causes of DALYs, which was only one (of the ten leading 
causes) that significantly increased age-standardised DALY 
rates between 2005 and 2015 by 3·3% (95% UI 2·2–4·5).
Age-standardised DALY rates by Japan’s 47 prefectures 
for GBD’s most detailed causes are in figure 5. Many 
causes, that were also significant causes of death (eg, 
ischaemic heart diseases and cerebrovascular disease), 
showed substantial variation between prefectures, which 
largely followed patterns determined by geography. As 
with mortality, the difference between prefectures with 
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Japan 44·7 39·0 31·7 25·1 23·9 20·5 19·2 18·2 17·3 10·3 9·1 8·3 6·3 5·9 5·7 5·3 4·7 4·6 4·6 4·3
Hokkaido 43·8 38·2 30·9 22·5 27·0 19·1 20·7 17 ·0 18·0 12 ·6 8·6 7·1 8·2 6·6 6·3 5·6 4·9 4·8 3·7 4·6
Aomori 50·1 45·8 31·3 32·0 26·3 25·4 24·3 21 ·4 22·0 12 ·5 8·6 7·9 9·1 8·0 6·5 5·1 5·3 5·0 4·7 4·4
Iwate 42·0 38·8 31·3 33·3 23·5 28·7 25·3 17 ·9 20·3 11 ·1 8·9 6·2 7·1 7·5 5·3 5·1 5·1 5·1 3·8 4·8
Miyagi 39·3 34·5 31·0 28·1 22·9 23·2 18·6 17 ·1 16·9 10·7 7 ·5 6·2 5·8 6·1 5·7 5·6 4·7 5·2 3·5 4·5
Akita 42·4 40·5 31·3 31·1 22·3 25·8 25·9 24·8 20·1 11 ·7 8·3 5·6 6·6 7·9 5·5 5·0 5·0 6·7 3·6 4·7
Yamagata 43·5 36·7 31·3 30·3 21·9 21·3 21 ·0 21 ·7 17 ·2 10·4 8·5 6·1 5·5 7·1 5·0 5·2 4·5 5·1 3·3 4·5
Fukushima 51 ·7 36·9 31·0 30·1 22·4 22·5 19·8 18·9 17 ·6 10·5 9·2 6·6 6·8 6·9 5·1 5·5 4·5 4·8 4·0 4·6
Ibaraki 48·3 41·5 31·0 29·0 22·6 23·8 19·3 20·5 17 ·6 10·2 8·9 7·3 7·1 6·4 5·5 5·1 4·7 4·5 4·6 4·5
Tochigi 52·1 40·6 31·0 29·6 22·4 24·7 20·3 20·4 17 ·7 9·5 8·5 7·5 6·7 6·1 5·4 5·0 4·6 4·4 4·6 4·5
Gunma 44·3 42·0 39·1 26·5 21·6 21·6 20·7 18·1 16·9 9·1 9·2 7·4 5·9 6·3 5·5 5·1 4·5 4·3 4·4 4·6
Saitama 55·0 43·5 31·1 26·2 24·2 21·1 19·1 19·9 18·3 9·8 8·9 7·3 6·7 5·9 6·1 4·7 4·9 5·2 4·4 4·1
Chiba 47·1 40·3 30·9 25·6 23·5 20·5 18·6 19·4 17 ·7 10·2 9·1 7·5 6·4 5·8 5·9 5·4 4·9 4·9 4·0 4·1
Tokyo 46·6 38·1 31·0 22·7 23·5 20·6 18·5 17 ·6 18·3 10·5 8·2 8·5 6·2 5·4 6·7 6·0 4·6 5·7 6·1 4·3
Kanagawa 42·8 37 ·9 31·0 24·0 23·3 20·8 18·1 17 ·9 18·3 10·2 9·3 7·3 5·5 5·4 6·3 5·9 4·6 5·4 5·0 4·5
Niigata 38·2 32·6 39·6 28·6 22·7 21·3 22·1 21 ·3 17 ·5 10·8 8·0 5·1 4·8 6·8 5·3 4·1 4·4 5·9 3·0 3·8
Toyama 38·5 39·5 31·2 26·8 21·4 19·5 20·0 20·5 16·6 11 ·0 8·1 6·6 5·7 6·1 5·3 5·0 4·5 4·1 3·5 3·7
Ishikawa 39·9 37 ·8 31·2 25·6 23·2 18·0 17 ·5 18·7 16·1 10·4 8·2 7·0 5·1 6·4 5·5 4·7 4·3 3·4 3·6 3·9
Fukui 42·3 37 ·3 31·1 23·4 21·7 16·7 17 ·2 16·8 14·4 9·8 8·2 7·2 5·5 6·5 4·5 4·3 4·2 2·6 3·5 3·7
Yamanashi 41·9 35·6 31·4 26·8 20·6 19·9 19·8 17 ·3 16·4 10·3 9·4 9·9 6·1 6·6 5·1 4·9 4·8 4·4 4·8 4·4
Nagano 39·1 30·1 31·2 30·6 18·1 22·0 18·1 15 ·8 15 ·8 10·2 8·4 5·9 4·8 6·1 5·1 5·8 4·3 3·9 3·4 4·4
Gifu 45·4 36·4 31·1 25·1 22·6 20·8 18·1 19·6 17 ·3 10·1 9·7 7·4 5·8 5·4 5·3 5·5 4·7 3·3 3·8 4·1
Shizuoka 41·9 34·9 31·2 27·3 21·9 24·1 18·2 16·5 16·5 10·4 9·1 7·9 6·9 5·9 5·8 5·9 4·6 4·0 3·9 4·6
Aichi 44·5 38·5 39·1 24·0 25·2 21·4 17 ·8 19·0 18·0 10·3 8·6 7·3 5·8 5·5 5·5 5·8 4·5 4·0 3·8 4·0
Mie 44·6 36·4 31·1 25·9 23·8 19·0 17 ·2 17 ·6 15 ·6 9·7 8·8 6·6 6·5 5·3 4·9 5·4 4·4 3·4 3·7 4·3
Shiga 39·8 33 ·1 31·0 20·6 22·2 17 ·3 16·4 16·7 14·0 9·4 9·1 6·1 4·8 5·6 4·7 4·7 4·3 2·9 3·1 3·9
Kyoto 46·7 36·8 28·1 21·0 24·9 18·1 17 ·8 17 ·3 16·8 10·0 9·1 8·0 6·2 5·3 5·4 4·8 4·4 4·0 3·7 4·2
Osaka 51·7 45·6 31·0 22·5 27·8 17 ·3 20·2 19·6 17 ·8 10·4 9·6 11·4 7·1 5·5 6·1 4·4 4·8 5·1 5·9 4·0
Hyogo 44·7 38·2 31·0 22·6 25·0 18·2 19·0 18·6 16·8 10·1 9·2 9·9 6·3 5·5 5·4 4·9 4·7 4·7 5·0 4·2
Nara 36·8 36·5 31·0 23·3 25·5 15·5 16·4 20·1 15 ·1 9·9 9·0 8·5 5·1 5·2 5·4 4·5 4·6 4·1 4·0 3·3
Wakayama 47·9 39·6 28·3 24·4 25·8 17 ·4 20·4 19·3 16·5 10·5 10·4 9·8 5·9 5·1 5·4 5·0 4·7 4·2 4·8 4·3
Tottori 51·7 35·5 31·5 28·4 25·2 22·0 20·4 20·2 17 ·5 11·3 9·2 9·4 5·7 6·1 5·1 5·6 4·9 4·3 4·1 4·5
Shimane 44·3 36·0 32·6 25·0 22·0 19·1 23·2 19·3 17 ·3 11·4 9·9 9·2 5·5 6·1 4·7 5·3 4·8 4·7 4·1 4·2
Okayama 36·1 41·1 31·0 24·2 22·3 20·6 16·8 16·3 13 ·9 9·7 9·9 8·6 5·9 5·3 5·1 4·7 4·4 3·6 4·3 3·9
Hiroshima 42·0 38·2 30·9 22·5 22·8 19·2 18·1 16·9 15 ·4 9·8 9·7 11·6 6·4 5·1 5·1 5·0 4·8 4·0 5·4 3·8
Yamaguchi 46·0 43·8 30·9 25·9 23·4 19·1 20·0 17 ·7 16·2 9·2 8·9 9·1 6·1 5·1 5·5 5·0 4·5 4·6 4·4 5·0
Tokushima 45·4 41·9 31·2 25·2 24·1 19·4 18·2 18·2 15 ·9 9·4 10·9 9·5 7·9 6·0 5·0 4·4 4·9 3·2 5·6 4·4
Kagawa 40·3 37 ·4 28·6 27·2 25·4 20·6 18·1 20·1 15 ·5 106 102 8·7 6·9 6·0 5·0 4·1 4·4 3·4 4·6 4·3
Ehime 41·6 39·6 31 ·2 26·5 24·0 20·2 20·3 19·5 15 ·6 10·6 10·9 10·5 6·6 5·9 5·7 4·9 5·1 3·3 4·9 4·3
Kochi 48·0 42·6 31 ·1 26·7 23·0 22·5 20·9 17 ·3 15 ·9 10·5 9·9 9·1 7·1 5·8 5·3 5·3 4·9 4·4 5·2 4·8
Fukuoka 36·3 41·2 29·2 21·7 24·4 17 ·9 19·5 16·8 16·9 10·1 8·8 11·6 6·0 6·0 6·1 5·5 4·7 4·3 4·7 3·8
Saga 36·0 42·1 31 ·3 23·3 23·4 18·1 18·8 18·5 16·8 10·2 9·2 12·4 5·0 6·3 5·6 4·4 4·7 3·7 4·8 4·0
Nagasaki 42·1 42·0 31 ·1 23·6 25·7 18·9 19·4 16·8 17 ·4 9·9 9·9 11·9 5·8 6·5 5·8 5·4 4·9 3·9 5·7 4·6
Kumamoto 35·9 37 ·7 31 ·1 21·8 22·5 20·8 19·1 13 ·3 15 ·0 10·0 9·5 9·5 6·0 6·3 5·4 5·7 4·8 3·5 4·5 4·6
Oita 39·6 35·5 39·2 23·4 21·8 19·2 18·5 14·5 13 ·8 9·5 9·6 9·0 5·8 5·7 5·0 4·3 4·3 3·5 4·1 3·8
Miyazaki 41·5 39·0 31 ·3 26·0 22·5 21·0 22·2 16·2 15 ·1 10·2 10·4 8·5 5·9 6·9 4·9 5·1 4·8 4·4 4·4 4·5
Kagoshima 42·8 43·4 31 ·0 27·5 23·1 24·3 20·5 13 ·8 16·1 9·5 10·8 8·7 7·0 6·9 5·1 6·0 4·9 5·3 4·7 5·3
Okinawa 46·6 45·2 29·9 19·7 28·8 23·2 23·0 12 ·1 20·1 7 ·8 14·8 5·9 7·9 6·8 5·4 6·5 5·5 4·8 6·1 6·7
Indistinguishable from national mean Significantly higher than national meanSignificantly lower than national mean
Figure 3: Age-standardised rates (per 100 000) of mortality by GBD level 4 cause group for Japan and the 47 prefectures in 2015 for both sexes combined
Japan and prefectures are ordered from north (Hokkaido) to south (Okinawa). The causes shown are the top 20 age-standardised rates of mortality in Japan. Rates are 
colour-coded to denote statistically significant differences from Japan’s national mean. Significance set at p<0·05. Alzheimer’s disease=Alzheimer’s disease and other 
dementias. COPD=chronic obstructive pulmonary disease. Liver cancer hepatitis C=liver cancer due to hepatitis C. Cirrhosis hepatitis C=cirrhosis of the liver due to 
hepatitis C. GBD=Global Burden of Diseases, Injuries, and Risk Factors. 
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the lowest and highest DALY rates in 2015, was 1·7 times 
for ischaemic heart disease and 1·8 times for cerebro-
vascular disease (combined DALY rates of ischaemic 
stroke, and haemorrhagic and other stroke). Many dis-
abling conditions that predominantly lead to DALYs but 
do not cause substantial death, such as low back and neck 
pain, major depression, anxiety disorders, and 
schizophrenia, were homogeneous across the prefectures, 
revealing no distinct patterns.
Overall for Japan in 2015, 47·1% (95% UI 44·9–49·3) of 
total deaths were attributable to identified risk factors: 
behavioural risk factors accounted for 33·7% (30·9–36·8) 
of total deaths, metabolic risks for 24·5% (22·6–26·4), 
and environmental and occupational risks for 6·7% 
(5·4–8·2; data not shown). Similarly, all identified risk 
factors jointly explained 34·5% (95% UI 32·4–36·9) of 
DALYs, with the remaining 65∙6% DALYs as yet 
unexplained by the risk factors analysed. Nationally, 
behavioural risk factors made a greater contribution to 
DALYs in 2015 (25·2% of total DALYs [22·9–27·7]) than 
metabolic risks (16·4% [15·2–17·6]) or environmental 
and occupational risks (4·4% [3·9–4·1]).
Dietary risks—combined risks of diets high in sodium, 
and diets low in whole grains, fruits, vegetables, and nuts 
and seeds—were the leading risk for DALYs both in men 
(13·8% [95% UI 11·7–16·3]) and women (9·3% [7·8–11·5]) 
in 2015. Among the dietary risks, high sodium con-
sumption was the dominant risk for DALYs in both men 
and women (men 4·4% [2·2–7·3]; women 3·0% [1·4–5·2]). 
Tobacco smoking was the second leading risk factor for 
men (12·5% [11·0–14·0]). A number of metabolic risks, 
such as high blood pressure and high fasting plasma 
glucose, were among the five leading risk factors for DALYs 
in both men and women. The contributions of these risk 
factors to DALYs did not vary much across the prefectures 
in 2015 (appendix pp 3–5). For example, dietary risks 
accounted for 10·4% (8·7–12·4) of total DALYs in Fukuoka 
(lowest) and 13·5% (11·3–15·6) in Aomori (highest). High 
sodium—the dominant downstream risk of dietary risks—
explained 3·2% (1·5–5·4) of total DALYs in Okinawa 
(lowest) and 4·5% (2·2–7·4) in Akita (highest). For 
mortality, smoking was the leading risk factor for men 
(18·9% [95% UI 17·4–20·4]), while dietary risks were the 
major contributors to the total deaths for both men (18·8% 
[15·7–21·8], second rank) and women (18·0% [15·0–21·4], 
first rank). The contributions of these risk factors to 
mortality also did not vary much across the prefectures in 
2015 (appendix pp 6–8).
We observed a distinct north–south gradient—with 
higher values in the south and lower in the north for the 
health system inputs analysed (appendix p 38). The 
prefectural mean of per capita health expenditure was 
US$2246 (SD 311). In 2015, the average number of health 
workforce per 100 000 people across prefectures in 2014 
was 237 (39) physicians, 957 (178) registered nurses, and 
47 (12) public health nurses. The associations between 
the age-standardised death rates in 2015 and prefecture’s 
per capita health expenditure (in 2015), number of 
physicians, registered nurses, and public health nurses 
per 100 000 people (in 2014) are shown in figure 6. Their 
Pearson’s correlation coefficients were all very small 
(0·12, 0·10, 0·02, and –0·05, respectively), indicating 
very weak correlations, and there were no statistically 
significant relationship between them with small 
Leading causes 
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Change in 
number of DALYs
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Change in all-age
DALYs rate
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Change in 
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Leading causes 
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Change in
number of DALYs
2005–15 (%)
Change in all-age
DALYs rate
2005–15 (%)
Change in age-
standardised
DALYs rate
2005–15 (%)
Leading causes 
2015
Non-communicable
Communicable, maternal, neonatal, and nutritional
Injuries
  1 Cerebrovascular disease
  2 Ischaemic heart disease
  3 Low back & neck pain
  4 Sense organ diseases
  5 Stomach cancer
  6 Lower respiratory infections
  7 Self–harm
  8 Skin diseases
  9 Depressive disorders
10 Road injuries
11 Lung cancer
12 Diabetes
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20 Other musculoskeletal disease
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24 Oral disorders
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  6 Lower respiratory infections
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13 Diabetes
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17 Migraine
18 Oral disorders
19 Other musculoskeletal disease
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22 Road injuries
28 Asthma
  1 Ischaemic heart disease
  2 Low back & neck pain
  3 Sense organ diseases
  4 Cerebrovascular disease
  5 Alzheimer’s disease
  6 Lower respiratory infections
  7 Lung cancer
  8 Self–harm
  9 Stomach cancer
10 Colorectal cancer
11 Depressive disorders
12 Skin diseases
13 Chronic kidney disease
14 Diabetes
15 Liver cancer
16 Oral disorders
17 Falls
18 Other musculoskeletal disease
19 Migraine
20 COPD
29 Road injuries
31 Asthma
 7·6 (5·1 to 10·0) 8·0 (5·5 to 10·4) –14·5 (–16·4 to –12·5)
 6·7 (4·6 to 8·8) 7·2 (5·0 to 9·2) –0·1 (–1·9 to 1·7)
 22·7 (20·6 to 25·3) 23·2 (21·1 to 25·7) 0·8 (–0·3 to 2·0)
 –0·7 (–3·3 to 2·0) –0·3 (–2·9 to 2·4) –21·4 (–23·4 to –19·4)
 49·6 (47·1 to 51·8) 50·2 (47·7 to 52·4) 3·3 (2·2 to 4·5)
 22·4 (17·0 to 28·1) 22·8 (17·4 to 28·6) –10·8 (–14·8 to –6·6)
 8·1 (4·7 to 11·7) 8·5 (5·1 to 12·2) –11·1 (–13·7 to –8·2)
 –8·8 (–11·8 to –5·7) –8·5 (–11·4 to –5·4) –5·3 (–8·1 to –2·5)
 –4·5 (–7·6 to –1·7) –4·1 (–7·2 to –1·4) –20·6 (–23·3 to –18·3)
 11·4 (8·2 to 14·8) 11·8 (8·6 to 15·2) –6·4 (–9·1 to –3·7)
 2·9 (0·9 to 5·0) 3·3 (1·2 to 5·4) 0·7 (–0·8 to 2·1)
 1·8 (0·7 to 3·0) 2·2 (1·1 to 3·4) 0·1 (–1·0 to 1·4)
 16·9 (14·3 to 19·6) 17·4 (14·7 to 20·1) –4·8 (–7·0 to –2·8)
 4·8 (1·5 to 8·0) 5·2 (1·9 to 8·4) –9·0 (–11·7 to –6·2)
 –2·2 (–6·9 to 2·1) –1·8 (–6·5 to 2·5) –18·1 (–22·1 to –14·6)
 12·8 (11·3 to 14·3) 13·3 (11·7 to 14·7) –0·3 (–0·8 to 0·3)
 –3·9 (–9·0 to 1·1) –3·5 (–8·6 to 1·5) –19·0 (–23·4 to –14·6)
 14·0 (8·3 to 19·4) 14·4 (8·7 to 19·9) 1·9 (–2·5 to 6·5)
 –1·9 (–5·9 to 2·6) –1·5 (–5·6 to 3·0) 1·0 (–2·9 to 5·1)
 13·1 (9·2 to 17·1) 13·5 (9·6 to 17·5) –11·4 (–14·2 to –8·2)
 –6·7 (–7·9 to –5·4) –9·3 (–10·5 to –8·1) –38·2 (–39·1 to –37·3)
 15·7 (13·4 to 18·0) 12·4 (10·2 to 14·7) 0·3 (–1·5 to 2·1)
 –0·6 (–2·2 to 0·9) –3·4 (–5·0 to –2·0) –33·8 (–34·8 to –32·8)
 42·0 (39·1 to 45·7) 38·0 (35·2 to 41·5) 1·3 (0·0 to 2·7)
 37·9 (33·8 to 41·5) 34·0 (30·0 to 37·5) 34·0 (30·2 to 37·3)
 27·2 (24·1 to 30·2) 23·6 (20·6 to 26·5) –23·8 (–25·5 to –22·1)
 45·0 (42·3 to 47·7) 40·9 (38·3 to 43·5) –1·0 (–2·8 to 0·7)
 87·0 (84·0 to 89·8) 81·7 (78·8 to 84·4) –2·2 (–3·6 to –1·0)
 –12·2 (–13·4 to –11·0) –14·7 (–15·9 to –13·5) –38·0 (–38·9 to –37·1)
 1·3 (0·2 to 2·7) –1·5 (–2·6 to –0·2) 0·6 (–0·2 to 1·3)
 4·6 (2·1 to 7·1) 1·7 (–0·7 to 4·0) –1·9 (–2·7 to –1·0)
 39·8 (37·2 to 42·6) 35·8 (33·3 to 38·6) –0·9 (–2·7 to 0·9)
 –5·6 (–9·5 to –2·2) –8·2 (–12·1 to –5·0) –29·0 (–32·1 to –26·4)
 11·8 (9·2 to 14·2) 8·6 (6·1 to 10·9) –21·2 (–23·0 to –19·6)
 17·4 (12·9 to 21·9) 14·1 (9·7 to 18·5) –6·0 (–9·3 to –2·8)
 16·5 (14·3 to 18·7) 13·2 (11·0 to 15·3) –19·5 (–21·7 to –17·7)
 –1·5 (–6·2 to 3·1) –4·3 (–8·8 to 0·2) –0·8 (–4·7 to 3·2)
 30·4 (27·0 to 33·8) 26·7 (23·5 to 30·0) 1·2 (0·7 to 1·8)
 1·4 (–2·5 to 5·7) –1·4 (–5·3 to 2·7) –14·3 (–16·8 to –11·5)
 8·9 (4·7 to 15·4) 5·8 (1·7 to 12·1) –29·0 (–31·8 to –25·1)
Increase or consistent in ranking order
Decrease in ranking order
Figure 4: GBD level 3 causes of DALYs in Japan in 1990, 2005, and 2015 for both sexes combined, with all-age and age-standardised DALY rate change
Ranking is based on the number of DALYs from each cause. Percentage change in number of DALYs and in all-age and age-standardised DALY rates are shown with 95% UI in parentheses. Alzheimer’s 
disease=Alzheimer’s disease and other dementias. COPD=chronic obstructive pulmonary disease. DALYs=disability-adjusted life-years. GBD=Global Burden of Diseases, Injuries, and Risk Factors.
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regression coefficient of 0·01, –0·05, 0·00, and –0·08, 
respectively. Similar results were obtained for age-
standardised DALY rates (appendix p 9).
Discussion
Japan has had the highest average life expectancy in the 
world since 1986.27 Annual mortality statistics show a 
decline in age-standardised mortality rates in Japan since 
1998 to present,28 except for 2011, when an unprecedented 
earthquake of magnitude 9·0 off the Pacific coast of Japan 
killed more than 18 000 people.29 Across the prefectures, 
decreased mortality due to cardiovascular diseases and 
neoplasms has been the leading driver of increased 
life expectancy; however, the pace of reduction in age-
standardised death rates from many leading causes, 
in particular from cardiovascular diseases, has slowed 
down since 2005. Although mortality from many leading 
causes has declined, mortality from Alzheimer’s disease 
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Japan 813 2 792 4 685 2 4668 438 5 437 9 423 3 419 1 414 8 390 2 373 5 341 5 338 1 313 5 298 4 290 0 280 0 275 0 264 3 246 8
Hokkaido 814 4 876 7 682 0 473 0 445 7 416 3 418 8 427 3 473 7 389 3 361 9 324 7 348 4 325 2 261 2 251 9 281 4 253 4 265 3 245 0
Aomori 812 8 995 9 797 9 470 8 443 0 494 3 522 0 428 0 477 6 525 9 372 5 420 8 438 4 301 2 330 6 265 3 280 5 366 3 264 7 244 1
Iwate 812 4 1016 7 652 1 471 0 440 6 425 3 449 7 431 6 416 2 563 9 368 9 347 1 396 4 251 6 238 4 287 2 279 7 360 4 264 0 248 2
Miyagi 812 1 785 1 585 3 472 8 442 5 420 1 369 0 428 0 389 0 438 4 361 2 321 2 320 6 255 5 284 3 256 2 279 8 302 1 264 3 247 8
Akita 813 3 1033 5 646 6 472 2 441 9 412 1 451 9 430 5 400 7 500 5 369 3 488 0 400 1 302 2 289 5 280 8 280 3 342 2 264 6 248 7
Yamagata 813 9 856 7 668 6 443 0 441 4 438 5 405 3 434 3 385 1 409 7 365 8 416 1 337 2 318 6 275 0 267 9 280 0 320 8 264 5 247 9
Fukushima 812 8 820 1 806 7 470 6 439 7 462 7 410 4 428 0 389 5 440 7 365 4 368 9 347 2 281 2 298 4 272 7 279 6 328 6 264 0 246 4
Ibaraki 812 7 824 0 751 0 468 9 435 8 459 9 456 8 420 6 395 1 474 7 367 0 384 8 348 3 333 2 312 7 291 9 278 7 324 0 263 3 248 6
Tochigi 813 3 840 0 815 0 469 1 436 3 447 8 451 8 417 3 393 9 487 4 365 7 387 9 350 3 315 8 294 7 286 8 279 0 330 8 263 5 246 7
Gunma 810 7 853 2 696 3 470 4 437 9 395 6 462 3 419 3 374 0 429 7 479 4 342 6 335 4 320 6 574 1 294 2 278 5 300 2 263 5 246 8
Saitama 813 1 798 8 860 0 472 2 437 4 469 3 462 4 442 3 419 6 413 5 368 3 366 4 361 0 311 2 295 9 291 7 278 9 296 3 263 4 248 1
Chiba 813 1 780 9 719 9 472 5 439 2 487 0 426 4 434 9 410 4 400 9 364 4 357 5 348 3 307 8 298 6 303 1 279 2 285 4 263 8 248 3
Tokyo 813 9 771 2 699 2 433 8 439 8 424 3 412 0 369 1 410 2 391 9 363 2 320 0 355 7 306 9 295 4 275 4 279 5 254 9 264 1 246 9
Kanagawa 813 7 742 4 665 1 473 6 437 0 439 7 397 2 430 1 398 8 393 6 363 7 320 3 349 9 297 1 266 0 264 7 279 1 260 6 263 6 247 5
Niigata 810 9 882 7 582 1 471 9 438 8 493 8 353 0 420 7 398 0 407 7 479 4 407 3 337 8 317 1 442 1 279 6 278 8 299 0 263 7 247 3
Toyama 812 4 808 6 577 4 472 3 438 4 557 9 423 8 414 6 372 5 373 0 363 3 387 6 321 7 316 9 303 2 297 4 279 6 314 1 263 8 249 4
Ishikawa 813 3 719 1 586 7 473 1 440 8 492 9 396 1 420 4 401 6 339 3 362 9 351 7 314 1 327 5 289 8 281 5 280 2 268 0 264 2 246 5
Fukui 813 5 692 4 623 7 475 0 441 9 456 8 381 7 412 7 374 4 308 6 360 6 317 1 282 0 317 4 287 1 303 0 280 2 245 3 264 4 248 3
Yamanashi 814 1 808 2 627 1 472 7 440 3 316 8 384 9 423 3 354 1 369 2 366 2 323 9 316 8 318 5 293 6 321 1 279 7 286 1 264 2 248 1
Nagano 814 1 740 1 578 4 474 7 440 9 343 1 316 1 421 1 311 3 403 2 361 8 287 4 305 8 318 2 279 9 278 6 280 0 310 2 264 2 250 5
Gifu 812 7 739 5 663 0 403 9 442 4 423 3 389 9 426 6 390 2 372 9 365 5 370 7 335 2 325 5 275 9 308 0 280 1 269 9 264 4 245 4
Shizuoka 813 2 754 2 632 0 472 1 437 9 450 8 378 7 412 8 380 7 446 8 365 8 305 6 322 2 336 3 306 9 311 0 279 3 293 3 263 7 250 6
Aichi 813 8 737 1 669 6 472 4 387 8 427 8 417 5 408 5 441 7 396 6 481 6 357 4 348 6 315 4 283 5 304 1 279 0 268 6 263 7 248 8
Mie 813 6 709 6 680 3 472 9 439 9 471 3 395 4 416 8 413 9 350 7 362 5 332 2 308 3 321 5 299 1 306 6 279 8 276 9 264 1 248 1
Shiga 814 2 669 1 561 4 474 6 440 6 443 1 340 1 411 6 369 9 314 6 357 0 308 2 268 8 324 4 269 1 255 3 280 0 224 9 264 2 245 6
Kyoto 814 2 743 6 696 0 475 1 445 7 439 9 385 0 419 4 423 9 330 8 321 3 326 0 327 2 322 7 274 6 275 5 281 1 225 3 265 1 245 1
Osaka 814 1 832 2 827 5 474 6 445 7 409 0 503 4 410 6 476 7 332 4 367 2 372 9 349 7 315 0 311 0 290 3 280 8 259 0 265 1 244 8
Hyogo 812 2 787 2 669 2 473 8 445 9 499 2 408 2 428 3 430 1 338 8 363 6 346 8 326 8 287 4 294 3 302 6 280 5 248 3 264 8 244 9
Nara 814 4 676 4 530 3 476 9 450 4 449 0 377 1 445 9 427 4 284 8 359 9 376 1 295 4 310 5 276 3 296 3 281 8 242 6 265 8 245 7
Wakayama 813 6 824 7 777 3 473 8 447 1 362 7 422 3 423 6 449 2 329 0 328 6 376 8 328 1 337 9 291 1 310 6 281 4 269 8 265 5 246 6
Tottori 813 1 842 4 665 2 472 2 456 8 372 4 393 0 433 6 443 4 410 6 368 2 399 1 350 0 326 0 308 5 298 7 280 1 302 5 264 5 243 6
Shimane 775 3 923 0 527 5 473 0 439 6 367 7 398 8 429 9 388 8 349 7 381 7 364 6 338 4 304 3 279 6 294 5 279 8 262 8 264 2 249 7
Okayama 814 2 703 6 642 7 475 5 444 8 351 0 440 6 420 9 389 3 382 9 362 3 316 9 281 7 310 0 279 0 312 1 280 7 261 6 265 0 246 7
Hiroshima 813 9 746 2 697 0 473 5 442 4 391 6 407 5 418 8 399 6 358 1 362 7 320 4 305 4 304 6 287 7 314 0 280 5 245 1 264 6 246 8
Yamaguchi 813 6 824 5 696 2 472 6 443 4 407 6 476 2 414 8 407 8 359 2 363 7 346 5 328 2 322 7 277 8 303 4 280 8 281 6 264 8 245 7
Tokushima 812 5 757 6 617 4 472 3 443 8 468 4 474 8 420 8 421 2 373 5 366 7 357 5 318 9 349 4 321 7 361 6 280 5 278 6 264 7 245 6
Kagawa 813 1 740 1 634 8 473 0 442 9 439 1 420 0 419 1 437 5 363 0 329 6 388 8 301 4 338 9 300 2 325 9 280 3 285 4 264 4 246 0
Ehime 813 2 838 5 723 0 473 2 445 3 453 7 438 1 425 0 419 9 385 2 367 9 382 8 312 7 333 2 302 5 344 6 280 9 294 1 264 8 248 4
Kochi 810 9 853 4 722 6 470 2 442 5 697 8 479 2 437 1 405 3 428 1 367 0 349 4 321 3 320 2 297 3 377 2 279 9 295 5 264 0 245 9
Fukuoka 814 2 797 1 536 7 475 8 448 4 451 5 443 8 422 2 419 9 332 1 338 4 314 0 329 7 325 6 277 6 291 1 281 6 235 1 265 4 247 4
Saga 813 8 770 5 527 1 473 7 447 2 447 1 446 9 430 1 410 8 331 7 366 2 355 7 330 9 334 2 282 6 290 5 281 4 246 6 265 2 245 9
Nagasaki 812 1 800 2 624 2 473 9 447 4 475 9 466 8 431 3 446 3 357 7 364 2 332 5 348 6 339 8 438 1 312 7 281 0 259 9 264 9 208 5
Kumamoto 813 8 776 0 518 5 475 1 447 8 427 8 402 9 433 3 386 2 377 2 363 6 250 0 295 2 332 7 281 3 306 0 281 5 233 3 265 4 249 7
Oita 813 7 760 7 606 2 473 9 444 0 407 8 383 7 423 1 379 4 355 4 476 3 278 4 277 9 348 0 275 3 325 4 281 0 253 3 264 9 249 2
Miyazaki 814 1 881 5 613 2 475 1 448 5 383 3 430 1 432 6 390 1 395 7 366 2 308 5 298 3 347 4 281 0 298 8 281 6 286 0 265 6 245 6
Kagoshima 813 1 830 0 669 8 433 5 450 4 373 8 492 0 429 8 410 0 472 1 366 2 270 9 327 0 342 3 389 9 319 1 281 3 306 9 265 7 246 6
Okinawa 813 1 928 1 754 4 472 1 443 8 400 6 524 9 443 9 471 1 446 8 353 4 234 0 409 3 372 9 213 5 286 1 279 9 236 6 264 4 251 2
Indistinguishable from national mean Significantly higher than national meanSignificantly lower than national mean
Figure 5: Age-standardised rates (per 100 000) of DALYs by GBD level 4 cause group for Japan and the 47 prefectures in 2015 for both sexes combined
Japan and prefectures are ordered from north (Hokkaido) to south (Okinawa). The causes shown are the top 20 age-standardised DALYs rates in Japan. Rates are 
colour-coded to denote statistically significant differences from Japan’s national mean. Significance set at p<0·05. Alzheimer’s disease=Alzheimer’s disease and other 
dementias. DALYs=disability-adjusted life-years. GBD=Global Burden of Diseases, Injuries, and Risk Factors. Other hearing loss=age-related and other hearing loss. 
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and other dementia has substantially increased in both 
number of people dying and age-standardised death rates 
since 2005, indicating that improvements in overall 
mortality in Japan might have levelled off mainly due to 
these causes. Similar to mortality, the pace of reduction in 
DALYs in these leading causes also largely slowed down 
since 2005. All-cause age-standardised YLLs decreased by 
33·4% between 1990 and 2015; however, the reduction in 
the rate of age-standardised YLDs was only 3·5% 
(appendix pp 32–37). These findings indicate an increase 
in the proportion of the population with morbidity, 
particularly age-related disorders.
One important implication of our results is that, 
coupled with the slowed-down progress in population 
health, Japan is experiencing a morbidity expansion due 
to its health transition. This expansion will require a shift 
in the health system framework in Japan. Yasuhisa 
Shiozaki, the Minister of Health, Labour, and Welfare, 
commissioned the “Health Care 2035 Advisory Panel” in 
2015 that brought together young Japanese health policy 
leaders to develop a long-term strategy for Japan’s future 
health policy for the next 20 years. Their report—Japan 
Vision: Health Care 203530,31—proposes integrating health 
care into social and community system frame works 
around the country. The report also proposes that Japan’s 
new health system should continue to value equality and 
solidarity, while recognising individual patient priorities 
and values and incorporating global health perspectives. 
The report further suggests a shift in focus from inputs to 
outcomes. The system should redirect attention from the 
quantity of services provided to the quality of care, from 
cure to health maintenance and wellbeing, from central 
regulation to professional self-regulation, and from 
specialisation of services to integrated approaches across 
medical and social service sectors.30
Gaps in life expectancy and HALE between prefectures 
have widened from 2·5 to 3·1 years in 1990 and from 
2·3 to 2·7 years in 2015 (appendix pp 26–31). Consistent 
with other analyses,14 a broad tendency of higher mortality 
was observed in the north. Age-standardised mortality 
1500 2000 2500 3000
360A
ge
-s
ta
nd
ar
di
se
d 
de
at
h 
ra
te
s p
er
 1
00
 0
00
 p
eo
pl
e 
in
 2
01
5
Total health expenditure per capita (US$) in 2015
380
400
420
440
460
480
A
150 200 250 300
Number of physicians per 100 000 people in 2014
B
600 800 1000 1200 1400
360A
ge
-s
ta
nd
ar
di
se
d 
de
at
h 
ra
te
s p
er
 1
00
 0
00
 p
eo
pl
e 
in
 2
01
5
Number of registered nurses per 100 000 people in 2014
380
400
420
440
460
480
C
20 30 50 7040 60
Number of public health nurses per 100 000 people in 2014
D
Aomori Aomori
Iwate Iwate
Iwate
Miyagi
Miyagi
Miyagi
Miyagi
Akita
Iwate
Akita
Akita
Akita
Yamagata
Yamagata
Yamagata
Yamagata
Hokkaido
Hokkaido
Fukushima
Fukushima
Ibaraki
Ibaraki Ibaraki
Tochigi
Tochigi
Gunma
Gunma
Tochigi
Tochigi
Gunma
Gunma
Saitama
Saitama
Saitama
Ibaraki
Saitama
Chiba
Chiba Chiba
Fukushima
Chiba
Tokyo
Tokyo Tokyo
Kanagawa
Kanagawa Kanagawa
Kanagawa
Niigata
Niigata
Niigata
Niigata
Toyama Toyama
Nagasaki
Toyama
Ishikawa
Ishikawa
Ishikawa
Okayama
Kumamoto
Fukui
Fukui
Fukui
Fukui
Yamanashi
Yamanashi
Yamanashi
Yamanashi
Nagano
Nagano
Nagano
Nagano
Gifu
Gifu
Gifu
Shizuoka
Shizuoka
Shizuoka
Aichi
Aichi Aichi
Aichi
Mie
Mie Mie
Gifu
Shizuoka
Mie
Shiga
Shiga Shiga
Shiga
Kyoto
Kyoto Kyoto
Kyoto
Osaka
Osaka Osaka
Osaka
Hyogo
Hyogo
Hyogo
Hyogo
Hokkaido
Hokkaido
Nara
Nara Nara
Nara
Wakayama
Wakayama
Tottori
Wakayama
Tottori
Tottori
Shimane
Shimane
Okayama
Okayama
Tokyo
Okayama
Hiroshima
Hiroshima Hiroshima
Fukushima
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi
Tokushima
Tottori
Tokushima
Kagawa
Kagawa
Ehime Ehime
Ehime
Kochi
Fukuoka
Toyama
Fukuoka
Fukuoka
Saga
Saga
Hiroshima
Saga
Saga
Kagawa
Shiman
Shiman
Kagawa
Nagasaki
Ehime
Nagasaki
Tokushima
Tokushima
Kochi
Kochi
Nagasaki
Kumamoto
Kumamoto
Ishikawa
KumamotoÔita
Ôita
Fukuoka
Ôita
Ôita
Miyazaki
Miyazaki
Miyazaki
Miyazaki
Wakayama
Kagoshima
Kochi
Kagoshima
Kagoshima
Kagoshima
Okinawa
Aomori
Okinawa
Okinawa
Aomori
Okinawa
North (Hokkaido)
South (Okinawa)
Figure 6: Association between age-standardised death rates and (A) total health expenditure per capita, (B) number of physicians, (C) registered nurses, and (D) public health nurses per 
100 000 people
A gradation of symbols refers to the dark to light (black to white) from north (Hokkaido) to south (Okinawa). We defined the total health expenditure as the sum of inpatient and outpatient 
expenditures (not including those on dental care). In presenting results, we used the exchange rate of 112 Japanese yen per US$ as of Feb 3, 2017.
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reduction between 1990 and 2015 varied across the 
prefectures. These results could indicate an unequal 
health transition in the past 2 decades across Japan, and 
regional variations in national and local public health 
policy and strategy should therefore be addressed.
Many disabling conditions that predominantly lead to 
DALYs but do not cause substantial death, such as low 
back and neck pain, and depressive disorders, had no 
distinct patterns across the prefectures. This low regional 
variation might be an artifact of our limited coverage of 
subnational data sources for Japan. Nevertheless, many of 
the leading causes of mortality and YLLs, including 
cerebrovascular disease, ischaemic heart diseases, and 
self-harm showed remarkable variations by prefecture 
(appendix p 2). In view of the prominence of the different 
variation patterns in causes across regions, cause-specific 
and region-specific health interventions might need to be 
addressed in the most at-risk prefectures to deal with 
regional variations.
Several plausible mechanisms exist as to why some 
prefectures are achieving better health outcomes than 
others. First, according to the National Health and 
Nutrition Survey 2012, a nationwide survey conducted by 
the Ministry of Health, Labour and Welfare, statistically 
significant, slight variations by prefectures were observed 
in major lifestyle-associated behavioural factors (eg, salt 
intake and smoking) among adults aged 20 years and 
older.32 These variations are consistent with the patterns 
by geography we found in our study (higher death or 
DALY rates in the north, lower in the central and south). 
Therefore, regional variations in lifestyles might explain 
the regional health variations. However, importantly, 
our estimates showed that the contributions of such 
behavioural risk factors (ie, dietary risks, smoking, 
alcohol consumption) to DALYs as well as mortality did 
not vary much across the prefectures (appendix pp 3–8). 
This implies that regional variations in health might be 
driven by other unobserved factors, such as health 
system performance, which varies across the country.5 
However, as mentioned previously, the low regional 
variation in risk factor contributions could be due to our 
poor data coverage of limited subnational data sources.
Second, a north–south gradient (lower–higher) was 
suggested in major proxy indicators of health system 
inputs, such as per capita health expenditures, and 
health workforce in numbers (appendix p 38), which 
might differentiate health outcomes across the country. 
However, prefecture-level associations between these 
health system inputs and mortality and DALYs were 
weak and not significant, suggesting other social 
determinants of health might suitably capture the 
regional variations in health (ie, socioeconomic and 
political contexts, including income and education 
levels23). Health-care spending is strongly linked with 
health conditions and varies across Japan.8,33 In future 
rounds of subnational analysis for the GBD study 
in Japan, we plan to quantify the effect of personal 
health-care spending and public health spending as well 
as other social determinants of health on the outputs 
from GBD, to identify prefecture-level characteristics 
potentially associated with improved health outcomes.
As observed elsewhere in the world,34 the overall 
proportion of disease burden decreased in Japan between 
1990 and 2015 largely due to a substantial decline in the 
incidence of preventable diseases (eg, cerebrovascular 
diseases, ischaemic heart diseases, lower respiratory 
infection, and some types of cancer), resulting in increased 
life expectancy. However, these diseases remained top 
causes of death and DALYs in 2015, which underlines the 
need to scale up effective coverage of preventive and 
public health measures nationally, such as screening and 
risk factor reduction to tackle the continuing burden of 
preventable diseases. Simultaneously, the scale-up of 
preventive measures should raise debates on investment 
in comparative cost-effectiveness assessment of policies 
and programmes to aid decision making.
In Japan, in 2015, behavioural risk factors made a greater 
contribution to both DALYs (25·2%) and mortality (33·7%) 
than did metabolic risks (DALYs 16·4%; mortality 24·5%) 
or environmental and occupational risks (DALYs 4·4%; 
mortality 6·7%). Unhealthy diets (particularly diets high 
in salt) and tobacco smoking were the two most important 
behavioural risk factors for many health conditions.
Smoking also increases the probability of many of 
serious clinical conditions.35–37 In 2017, Japan is expected to 
pass its strictest-ever smoking laws that would ban 
smoking on the premises of public facilities, such as 
restaurants, pubs, hospitals, and municipal offices. 
However, opposition is mounting from members of 
parliament. A group of parliamentarians has suggested 
that Japan should instead focus on smoke segregation 
policies that divide smoking and non-smoking areas in 
public places (ie, designated smoking rooms), which is not 
in line with the 2010 agreement adopted by WHO and the 
International Olympic Committee. Japan is responsible 
for hosting a smoke-free Olympics Games in 2020.38
In view of our findings, addressing of these modifiable 
risk factors throughout an individual’s life (namely risk 
factor approach) within national and local public health 
policies and strategies could enable the whole population 
to age better than in the past and maximise their health 
and longevity. More importantly, the contributions of 
these modifiable behavioural risk factors to DALYs and 
mortality did not vary much across the prefectures 
(appendix pp 3–8), implying that national systematic 
action could make a significant difference.
To our knowledge, this study is the first to provide a 
comprehensive picture of disease burden and patterns in 
Japan and prefectures—the country with the fastest 
ageing population in the world. Our subnational esti-
mates of disease burden are the first and crucial step 
toward a greater understanding of prefecture-specific 
health priorities aligned to national and local health 
policy and programme implementations. Our study, 
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therefore, can help not only guide policy agendas and 
programme implementation, and facilitate intervention 
prioritisation, nationally and locally, to further improve 
the population health in Japan but also identify particular 
regions in the county where more targeted policy 
attention might be required.
Our analyses are, however, subject to the same 
limitations described for GBD 2015,15–18,39 as well as 
specific limitations associated with data availability for 
Japan. First, we had limited data access to up-to-date vital 
data, especially cause of death. Registration of death that 
occurred in Japan is a legal requirement. Therefore, we 
assumed mortality data were complete. However, a time 
lag between data registration and becoming available in 
databases exists. Second, sources of subnational data are 
not available at the prefecture level for the estimates of 
prevalence and incidence for several diseases as well as 
their risk factors. Our subnational estimates depend on 
the GBD Bayesian models, which allow for borrowing 
strength from other studies while using available 
covariates as predictors for imputing the missing data. 
Addressing of the sparse availability of individual-level 
morbidity data, such as patient records (ie, hospital 
inpatient and out patient data) by prefecture will 
substantially improve future analytic efforts. Finally, as 
with other GBD studies reported elsewhere, the relative 
ranking across causes and risk factors are dependent on 
the level of their aggregation. Online data visualisations 
provide access to results based on different levels of the 
GBD 2015 hierarchy of causes and risk factors, including 
a complete set of age-specific, gender-specific, cause-
specific, and prefecture-specific estimates of GBD 
outputs from 1990 until 2015.
Our study showed that health in Japan has been 
improving and life expectancy is rising because of the 
successful reduction in mortality and disability from 
most preventable diseases, such as cerebrovascular 
diseases, ischaemic heart diseases, lower respiratory 
infection, and some cancers that were previously severe 
and often fatal. However, the progress in population 
health has slowed down and variation in health is 
growing between prefectures for many leading causes. 
National and local health policies should therefore 
address region-specific health interventions to deal with 
these variations. The subnational health system inputs 
were not obviously associated with health outcomes, 
suggesting they are weakly associated with regional 
health variations. Therefore, the potential sources of the 
regional health variations, including subnational health 
system performance, need assessment.
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